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suMMARY In order to assess the value of haemodynamic monitoring in the coronary care unit for
long term prognosis after recovery of an acute myocardial infarction, the records of two groups of
consecutive patients were reviewed retrospectively. From 254 patients, 32 (13%) died in the hospital
and nine patients had to be excluded from subsequent follow-up for various reasons. Four year
mortality among the 213 patients who were discharged from the hospital and could be followed up
was 26%. Of the haemodynamic variables measured on admission a high pulmonary capillary wedge
pressure, exceeding 18 mmHg, and a low mixed venous oxygen saturation, less than 60%, were not
only associated with a high hospital but also with a high four year mortality, whereas a low systolic
blood pressure (less than 100 nmHg), an important prognosticator during admission to hospital,
was only of minor significance thereafter. A negative value on admission of a specific index
0.24xsystolic blood pressure (mmHg)-0-217xpulmonary capillary wedge pressure
(mmHg)+0.234xmixed venous oxygen saturation (%)-13*1 developed for the prediction of short
term survival was also associated with a much higher four year mortality than a positive value. Low
cardiac index on admission could be correlated with high mortality during the first two years after
discharge, whereas only 9% of patients with a higher cardiac index died. Haemodynamic monitoring
in the coronary care unit is thus not only relevant for the immediate prognosis, but a high mortality
risk during hospital stay persists for several years after discharge.

The search for reliable prognostic information to
determine the short and long term outcome after
acute myocardial infarction is still continuing. Previ-
ous investigations in our coronary care unit yielded an
index, based on haemodynamic variables obtained at
admission, which classifies patients with an acute
myocardial infarction as having a high or a low hospi-
tal mortality risk.12 Hospital mortality proved to be
lower than 5% in those patients in whom the admis-
sion value of the index (0.024x systolic blood pressure
(mmHg) -0.217xpulmonary capillary wedge pres-
sure (mmHg)+O.234xmixed venous 02-saturation
(%)- 13.1) was positive and exceeded 50%/o when the
index was negative. In this study we report on the
results of a four year follow-up of these patients who
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recovered from their infarction and were discharged
from the hospital.

Patients and methods

The data base for this study consisted of two groups of
consecutive patients admitted to our coronary care
unit with an acute myocardial infarction (WHO
criteria) within 24 hours after the onset of symptoms.
The first group consisted of 122 patients admitted in
1973, while the other group contained 132 patients
admitted in 1977. The clinical data describing these
groups and their treatment while in hospital and other
relevant data have been described in detail in earlier
communications.1 2 Both groups were very similar in
age, sex, treatment, and mortality. All patients had a

Swan Ganz balloon-tipped catheter inserted into the
pulmonary artery immediately after admission to allow
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Table 1 Details of245 patients with an acute myocardial
infarction

Four year follow-up

Hospital deaths Non-surwvivors Survivors
n=32 n=55 n= 158

Sex
Male 9 10 25
Female 23 45 133

Age (y)
Range 31-81 40-80 28-75
Median 63 62 57
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measurements of pulmonary artery pressures and
mixed venous oxygen saturation. In the second group

of patients it was also possible to perform repeated
cardiac output measurements with this catheter by
means of the thermodilution technique. Hospital
death was defined as mortality occurring within four
weeks after admission. Thirty-two of the 254 patients
died in the hospital. In 1981, the overall mortality
among the 222 survivors was obtained by inspection
of our own outpatient files, or from information
obtained from the population registration office of the
city of Rotterdam and surroundings. This provided us
with an eight year follow-up from the first (1973)
group and a four year follow-up from the second
(1977) group. Three patients had to be excluded,
because no follow-up could be obtained. From six
other patients, who entered twice because of reinfarc-
tion, the follow-up started at discharge after their first
admission. Of the remaining 213 patients (Table 1),
158 (74%) were survivors after four years, while 55

(26%) had died (non-survivors). Except in three cases
(one patient died of a stroke and two died from malig-
nant diseases) all causes of death were recorded to
have been of cardiac origin. Fifteen patients died sud-
denly (instantaneously or within half an hour after
onset of complaints), 25 died as a result of a new

ischaemic event, and 12 patients died from other car-

75-

N = 2 4 42 77 86

,_.II0.
32 2

Age (yr)

100J L

Fig. 1 Effect ofage on hospital death andfouryear mortality
after discharge in the various age classes. Notice that hospital as

weU asfouryear mortality is higherfor patients older than 60
years than for those younger than 60years.

diac causes (chronic congestive heart failure). Nec-
ropsies were not available in most of these deaths. The
most advantageous cut-off points in predicting survi-
val or mortality were determined for age, individual
and combined haemodynamic variables, using operat-
ing characteristic curves,34 in which sensitivity of a
particular variable in predicting mortality was plotted
against specificity (see Appendix).
The significances of the cut-off points were deter-

mined using contingency tables. Student's t test was
used to compare survivors, four year non-survivors,
and hospital deaths. P values less than 0-05 were con-
sidered to be statistically significant.

Results

In our previous studies we showed that age was not a

Table 2 Admission values ofhaemodynamic variables in coronary care unit in 245 patients with acute myocardial infarction

Fouryear folow-up p values

Hospital deaths (A) Non-suvivors (B) Survivors (C) A v B A v C B v C
(n=32) (n=55) (n=158)

HR (beats/mm) 97-3+20-4 83.3±19 2 79.5+16.7 0-005 0-001 NS
SBP (mmHg) 103-3+35-7 131-1+26.7 138.1±25.9 0.001 0-001 NS
DBP (mmHg) 67.6+25.3 85.7±+17.8 89-8±+17.0 0-001 0.001 NS
PCW (mmHg) 22.1± 6.4 15-4± 6-6 13-3± 5-3 0-001 0.001 0-02
MVO2-sat %) 543±12-0 65-1+ 7-7 68.8± 6-0 0-001 0.001 0.001

Pi -2-7+ 3.9 19± 2.9 3-5± 2-5 0.001 0-001 0.001
CI(1/min per M2) 1-7± 0.4(n= 16) 2-3± 0.5(n=29) 2.6± 0.9(n=83) 0.001 0.001 0.02

HR, heart rate; SBP and DBP, systolic and diastolic arterial blood pressure; PCW, pulmonary capillary wedge pressure; MVO,-sat, mixed
venous oxygen saturation (%); PI, 0-024 SBP-0.217 PCW+0-234 MVO2-sat-13-1; C:, cardiac index. Cardiac index was determmed only in
the 132 patients admitted in 1977. Data are presented as mean ±SD.
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Fig. 2 Operating charactristic cwves for systolic blood presse (SBP), and the index
PI=0.024 xSBP-0.217 xPCW+0-234 xMVOrsat-13.1. Observe that both are useful
in the prediction ofhospital mortality, but are of limited valuefor the determination oflong
term prognoss.
+charactenses the optimal point in prediction ofmortality with 100%sensitivity and 100%
specificity.

major discriminator in the prediction of hospital sur-
vival and mortality. Similarly, age was not a major
factor for the prediction of survival in the first four
years after infarction, though both hospital and four
year mortality increased slightly with age. Four year
mortality was 36% (34 out of 95) in the group of
patients older than 60 years, compared with 18% (21
out of 118) in the group of patients younger than 60
years (p<0.02, Fig. 1). On the other hand, all indi-
vidual haemodynamic variables showed significant
differences between those patients who died in the

hospital and the initial survivors (Table 2). As
described in the earlier communications,1 2 combina-
tion of the individual variables provided a better dis-
crimination between the short term mortality and
survival. The operating characteristic curves for sys-
tolic blood pressure and the combined index are
shown in Fig. 2. For the prognosis of one year mortal-
ity after discharge, haemodynamic monitoring
appears to be of much less value than for the predic-
tion of hospital survival, but both indices have a ten-
dency to increase their value for the prediction of four

Table 3 Threshold values ofhaemodynamic vaiables predictingfouryear surival after recovety ofmyocardial infarction

Non-svivrs Suwwors p valu
Heart(rate (beats/mm)
>100 15 (39%) 23 <0.05
s100 40 (23%) 135

Systolic blood pressure (mmHg)
<135 36 (34%) 70 <001
l135 19 (18%) 88

Diastolic blood pressure (mmHg)
<90 31 (29%) 75 NS
a90 24 (22%) 83

Pulmonary capillary wedge pressure (mmHg)
>18 20 (48%) 22 <0.001
s18 35 (20%) 136

Mixed venous 02 saturation (%)
<60 12 (48%) 13 <0.01
¢60 43 (22%) 145

Prognostic index
<0 14 (58%) 10 <0.0001
3°:O 41 (22%) 148

Cardi&c indeX (mMin per m2)*
<2-5 22 (39%) 35 <0.005
¢2.5 7 (13%) 48

*Cariac index was determined only in the patients admitted to coronary care unit in 1977 (112 hospital survivors).
PI, 0.024 SBP-0.217 PCW+0234 MVO2-sat-13-1.

268



Haemodynamic prediction of survival after acute myocardial infarction

i50- -

-0
0

25 -

*-* P1lP 0 at admission (n= 189)

PI < 0 at admission (n=24)

0 1 2 3 4
Years atter hospital discharge

Fig. 3 Fouryear surmval ofpatents who were dischargedfrom
the hospital after admission for acute myocardial infarction.
Notice that a poor haemoynamic function upon admission (that
is negative PI) also carries a poor long term prognosis.

year mortality. The same holds true for the other
haemodynamic variables (not shown). The most
advantageous cut-off points for long term survival are

presented in Table 3. Four year mortality was more
than twice as high among patients with a pulmonary
capillary wedge pressure more than 18 mmHg or a

mixed venous oxygen saturation less than 60% at
admission than among those with a pulmonary capil-
lary wedge pressure of 18 mmHg or less or a mixed
venous oxygen saturation of 60% or more. Again, the
combination of the individual variables into the prog-
nostic index provided a slightly better discrimination
(Table 3) as mortality in the patients with a negative
index was nearly three times as high as in those with a

positive index (58 vs 22%, p<O0001). The much
larger late mortality among patients with a negative
index at admission is especially noteworthy in the first
two years, as it is 50% for patients in this group
against only 15% among those with a positive index
(Fig. 3). Cardiac index, measured only in the 132
patients of the second group, showed a similar pattern
to mixed venous oxygen saturation and prognostic
index. Mortality among the patients with a cardiac
index less than 2-5 1/min per m2 (22 our of 57) was

three times higher than among those with a cardiac
index of 2-5 1/min per m2 or more (seven out of 55) on
admission (39 vs 13%, p<0.005). A similar difference
could already be seen in the first two years, since 30%
(17 out of 57) of the patients with a cardiac index less
than 2-51 /min per m2 died in that period, against
only 9% (five out of 55) of patients with a cardiac of
-24 /min per m2 or more.

Discussion

It has been suggested that the intensive therapy used.
in the coronary care unit nowadays should virtually
eliminate all deaths resulting primarily from rhythm
disturbances and reduce hospital mortality in patients
with left heart failure and cardiac shock. Others have
pointed out that myocardial damage in patients with
left heart failure and shock might be so severe that
their long term prognosis still remains unfavourable
and that intensive care only postpones the time of
death by a short period. Chatterjee et al. 5 have indeed
shown that vasodilator therapy reduced hospital mor-
tality in. patients with severe pump failure, but that
the cumulative mortality after two years was not dif-
ferent from similar groups of patients treated by other
means. Those data therefore confirm that such treat-
ment has led to only a minor delay in the demise of
these patients. It seemed appropriate, therefore, to
investigate whether these high risk patients could be
classified as soon as possible during their stay in hos-
pital by objective measurements and then to follow
their course. This would facilitate considerably the
selection of candidates for aggressive treatment and
the evaluation of new therapeutical approaches.

Prognosis of patients who have recovered from an
acute myocardial infarction has usually been obtained
from non-invasive measurements at admission or
from data collected during the course of their stay in
hospital.6-13 The data in this study describe the use-
fulness for long term prognosis of an invasive index,
originally developed for classification of patients with
high or low mortality risks during admission.' One
and four year mortalities of the patients who reco-
vered from their myocardial infarction were respec-
tively, 10% and 26%, similar to those published by
other investigators.6 7 10 Our study also showed that
mortality during the first two years among the
patients with a negative value for the prognostic index
was more than three times as high as that among
patients with a positive index (50 vs 15%, respec-
tively). A high pulmonary capillary wedge pressure
(> 18 mmHg) and a low mixed venous oxygen satura-
tion (<60%) proved to be particularly associated with
an increased risk of late death (Table 2). Systolic
blood pressure, though a valuable measure for the
determination of short term survival, was only of
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limited value for the prediction of long term survival.
A similar finding was reported by Norris et al.6 in
their prediction of three year survival. With the use of
operating characteristic curves it could be shown that
the individual haemodynamic variables failed to pre-
dict mortality in the first year after discharge, but
partially regained their prognostic value in the three
years thereafter. This finding seems to be in disagree-
ment with reports by other authors. Here the mode
and mechanism of death, however, have to be taken
into account.

In our patient population, seven of the 21 deaths
during the first year were in fact "sudden deaths",
probably from ventricular fibrillation. All but one had
only a small infarction during their initial stay in hos-
pital, with good to excellent haemodynamic variables.
These deaths could therefore not have been predicted
on grounds of haemodynamic variables, nor did peak
enzyme levels of these patients (CK, HBDH) contri-
bute much, since they were relatively low in the acute
phase of the infarction.

Heart size, lung fields, and other clinical signs of
left heart failure have all been shown to increase mor-
tality risk.6 851' They may all be considered to be non-
invasive reflections of a high pulmonary capillary
wedge pressure. The value of left ventricular filling
pressure for the prediction of long term prognosis had
earlier been pointed out by Rogers et al. 12 Pulmonary
artery oxygen content (mixed venous oxygen satura-
tion) reflects myocardial pump function, provided
that arterial oxygen content and total body oxygen
consumption are not subject to large alterations.
Therefore, the exact quantification of these two vari-
ables seems to be preferable. Mixed venous oxygen
saturation showed, however, only a weak correlation
with cardiac index (r=060; n= 128) when all patient

data obtained at admission were pooled. Since arterial
oxygen content was nearly always normal, this indi-
cates that the total body oxygen consumption data
differed greatly. Nevertheless, a cardiac index of less
than 2*2 I/min per m2 was associated with a mixed
venous oxygen saturation less than 60% in 23 out of 38
patients, which shows that a low mixed venous
oxygen saturation usually implies poor pump func-
tion. Cardiac index at admission provided valuable
information about long term prognosis in the subset
of 132 patients in which it was measured. During the
first two years after hospital discharge, a low cardiac
index carried a high risk, as 30% of patients with a
cardiac index less than 2*5 1min per m2 died, against
only 9% of patients with a cardiac index of 2*5 /min
per m2 or more. This finding is at variance with that
reported by Rogers et al. 12 who found, in a smaller
group of patients, that cardiac index did not play a
major role in the prediction of two year survival.
Long term prognosis not only depends on the

amount of damaged muscle, but also on the nature of
the obstructive disease in the arteries supplying still
viable myocardium. Exercise testing shortly before
hospital discharge may provide additional information
about the ultimate outcome. Theroux et al. 14 found
that patients who developed a ST segment depression
of at least 1 mm during submaximal treadmill exercise
testing, carried a 27% one year mortality risk, com-
pared with a 2% mortality among patients without ST
depression. Other reports confirm the prognostic
value of exercise testing, alone'5 or in combination
with radio-nuclide ventriculography. 16 A major draw-
back of such studies is that a sizeable number of
patients is excluded from exercising for various
reasons, such as congestive heart failure, advanced
age, clinical or radiological signs of pulmonary con-

Table 4 Cakulation ofoperating characteristic cwves

Hospital

Systoic blood pressure Mott Suwvival Sensitivity (%) Specificity (%)

< 90(mmHg) 9 (=TP) 2 (=FP) 28 99
_ 90 23 (=FN) 211 (=TN)
<110 20 21 63 90
> I 10 12 192
< 160 30 162 94 24
160 2 51

Defitions
Sensitivity(%)= TP xlOO

TP+FN

TN
Specificity (%)= FP+TN x 100

TP, true positive prediction ot mortality; FN, false negative prediction of mortality; TN, true negative prediction of mortality; FP, false
positive prediction of mortality.
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gestion or cardiac enlargement, or treatment with
digitalis or propranolol. Since mortality among the
excluded patients can be considerable, the real prog-
nostic value of these tests is limited. The predictive
significance of angiographic data has also been shown
only for selected patients,1718 but depressed left ven-
tricular ejection fraction, the extent of diseased coro-
nary vessels, and the occurrence of congestive heart
failure while still in the coronary care unit have been
found to be independent predictors of mortality.
We conclude from our study that haemodynamic

measurements at admission provide valuable informa-
tion about both the immediate and the long term
prognosis of patients with an acute myocardial infarc-
tion, though differences can be encountered in predic-
tive strength of these variables in terms of one and
four year mortality. Further studies must be carried
out to elaborate the distinct possibility that a combi-
nation of haemodynamic measurements with other
important indicators such as those derived from exer-
cise testing, arrhythmias, and biochemical informa-
tion, will further enhance prediction of long term sur-
vival.

Appendix

We wish to illustrate the use of operating characteris-
tic curves in predicting outcome after myocardial
infarction with the following example. In our patient
population we found that 11 patients had an admis-
sion systolic blood pressure <90 mmHg, of whom
nine died and two survived. Of the 234 patients with a
systolic blood pressure >90 mmHg, 23 died and 211
survived (Table 4). The data for two other blood pres-
sure levels are given in the same Table. With the aid
of the definitions shown at the bottom of Table 4 we
can now calculate the sensitivity and specificity in
predicting mortality for each level of blood pressure.
The resulting curve is shown in Fig. 2. Consider first
the curve labelled hospital. An admission systolic
blood pressure of <90 mmHg is highly specific for
hospital death, but its sensitivity was poor, since
most patients who died during hospital admission had
a higher initial blood pressure. At the other end of the
curve we find, not unexpectedly, that most patients
who died had an initial blood pressure of <160
mmHg. A high systolic blood pressure therefore
appears to be a sensitive indicator, though it is almost
totally non-specific and therefore not useful. Inspec-
tion of the whole curve shows that the point corres-
ponding to a pressure of 110 mmHg offers the best
compromise between specificity and sensitivity.
Clearly the closer the curve approaches the point +,
the more powerful the predictor. Conversely, a curve
which approximates to the dotted diagonal line is
based on information which carries no prognostic

value. This is more or less the case for the blood
pressure curve at one year, but at four years the vari-
able has regained some of its prognostic value with the
point corresponding to a pressure of 135 mmHg seem-
ing to be the most useful cut-off point.
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